Abstract-Central aortic blood pressure (BP; BPc) predicts outcomes beyond brachial BP. In this regard, the application of a generalized transfer function (GTF) to radial pulse waves for the derivation of BPc is an easy and reproducible measurement technique. However, the use of the GTF may not be appropriate in all circumstances. Although the peak of the second shoulder of the radial waveform (P2) is closely associated with BPc, and, hence, BPc may be assessed without the need for a GTF, whether P2-derived BPc is associated with adverse cardiovascular changes independent of brachial BP is uncertain. Thus, P2-and GTF-derived aortic BPs were assessed using applanation tonometry and SphygmoCor software. Left ventricular mass was indexed for height 1.7 (nϭ678) and carotid intima-media thickness (IMT; nϭ462) was determined using echocardiography and vascular ultrasound. With adjustments for nurse-derived brachial pulse pressure (PP), P2-derived central PP was independently associated with left ventricular mass indexed for height 1.7 (partial rϭ0.18; PϽ0.0001) and IMT (partial rϭ0.40; PϽ0.0001). These relations were similar to nurse-derived brachial PP-independent relations between GTF-derived central PP and target organ changes (left ventricular mass indexed for height 1.7 : partial rϭ0.17, PϽ0.0001; IMT: partial rϭ0.37, PϽ0.0001). In contrast, with adjustments for central PP, nurse-derived brachial PP-target organ relations were eliminated (partial rϭϪ0.21 to 0.05). Twenty-four-hour, day, and night PP-target organ relations did not survive adjustments for nurse-derived brachial BP. In conclusion, central PP derived from P2, which does not require a GTF, is associated with cardiovascular target organ changes independent of brachial BP. Thus, when assessing adverse cardiovascular effects of aortic BP independent of brachial BP, P2-derived measures may complement GTF-derived measures of aortic BP. here is increasing evidence in various clinical or general populations that central aortic blood pressure (BP) predicts cardiovascular outcomes more closely or independent of BP measured at the brachial artery.
T here is increasing evidence in various clinical or general populations that central aortic blood pressure (BP) predicts cardiovascular outcomes more closely or independent of BP measured at the brachial artery. [1] [2] [3] [4] [5] [6] [7] [8] As a consequence, there is considerable interest in measuring aortic BP for routine risk prediction. However, the most appropriate noninvasive method of measurement is controversial. Although applanation tonometry at the carotid artery is the most valid noninvasive assessment of aortic BP, carotid tonometry requires an experienced observer and cannot always be reliably applied (eg, in obesity). 9 In contrast, radial tonometry provides highly reproducible pulse waves and, together with an inbuilt generalized transfer function (GTF), [10] [11] [12] [13] [14] may be used to estimate aortic BP. However, there is uncertainty as to the validity of the GTF to derive central pressures, 15, 16 and concerns regarding inaccuracies in GTF-derived aortic BP when assessed in patients with diabetes mellitus and the possibility that diabetes mellitus-and/or sex-specific GTFs may be required have been raised previously. [15] [16] [17] [18] As a consequence of the uncertainties that surround the use of the GTF, [15] [16] [17] [18] complementary approaches to deriving aortic BP from radial tonometry have been sought. One such approach, as first described by Takazawa et al, 19 is to estimate the pressure at the peak of the second systolic shoulder of the radial pulse (P2), a method that does not require the use of a GTF. [20] [21] [22] [23] [24] [25] [26] Indeed, BP at P2 has been shown in some studies to closely correspond with GTFderived peak central aortic systolic BP in large clinical 22, 23, 26 or population 24 samples, in patients receiving antihypertensive therapy, 22 and in the presence of vasodilator therapy. 19 Importantly, BP at P2 has been shown to correlate well with direct invasive aortic BP measurements and to show only a 2Ϯ6 mm Hg (SD) higher BP than aortic BP determined using direct measurements. 24 However, the use of P2 to estimate aortic BP may be invalid, because the relationship between P2-and either GTF-or carotid tonometry-derived aortic BP has consistently demonstrated a bias, 22, [24] [25] [26] and in some studies P2-derived aortic BP values have been reported to be markedly higher than GTF-derived aortic BP. 27 With respect to the bias noted between P2-and either GTF-derived aortic BP, as compared with GTF-derived aortic BP values, P2 underestimates pressures at lower BP values and overestimates aortic BP at higher BP values. 22, [24] [25] [26] However, whether estimates of aortic BP derived from P2 are associated with cardiovascular target organ changes or clinical outcomes independent of brachial BP has not been evaluated.
In the present study we, therefore, aimed primarily to evaluate whether P2-derived aortic BP is associated with target organ changes independent of brachial artery BP. In this regard, we assessed these relations both before and after mathematically transforming P2 values to correct for an intrinsic bias. Because GTF-derived aortic BP has been shown previously to be more closely related to target organ changes than brachial BP, 2, 28 we also evaluated whether, independent of brachial BP, P2-derived aortic BP-target organ relations are as close as brachial BP-independent relations between GTF-derived aortic BP and target organ changes.
Methods

Study Group
The present study was conducted according to the principles outlined in the Helsinki Declaration. The University of the Witwatersrand Committee for Research on Human Subjects approved the protocol (approval No. M02-04-72 and renewed as M07-04-69). Participants gave informed, written consent. The present study design has been described previously. [29] [30] [31] Briefly, families of black African descent (Nguni and Sotho chiefdoms) with siblings Ͼ16 years of age were randomly recruited from the South West Township of Johannesburg, South Africa. Of 1191 participants recruited, 1167 had central aortic BP measurements, and in substudies 678 had echocardiography and 462 had carotid intima-media thickness (IMT) measurements. Of these, 473 participants with echocardiography and 217 with carotid IMT measurements had 24-hour ambulatory BP measurements that met with prespecified quality control criteria described previously 30 (Ͼ20 hours and Ͼ10 and 5 readings for the computation of day and night means, respectively).
Clinical, Demographic, and Anthropometric Measurements
A standardized questionnaire was administered to obtain demographic and clinical data. [29] [30] [31] Height and weight were measured using standard approaches, and participants were identified as being overweight if their body mass index was Ն25 kg/m 2 and obese if their body mass index was Ն30 kg/m 2 . High-quality BP measurements were obtained by a trained nurse technician using a standard mercury sphygmomanometer. 30 Korotkov phases I and V were used to identify systolic and diastolic BPs, respectively, and care was taken to avoid auscultatory gaps. Hypertension was defined as a mean BP Ն140/90 mm Hg or the use of antihypertensive medication. Standard laboratory blood tests of renal function, liver function, blood glucose, hematologic parameters, and percentage glycohemoglobin (HbA 1C ) were performed. Diabetes mellitus or abnormal blood glucose control was defined as the use of insulin or oral hypoglycemic agents or an HbA 1C value Ͼ6.1%. 32 Menopause was confirmed with measurements of follicle-stimulating hormone concentrations.
Ambulatory BP
To evaluate whether, independent of conventional nurse-derived brachial artery BP, P2-derived central aortic BP-target organ relations compared as well as 24-hour ambulatory brachial artery BP-target organ relations, 24-hour, day, and night BPs were determined using SpaceLabs monitors (model 90207) as described previously 30, 31 (please see the online-only Data Supplement).
Pulse Wave Analysis
Central aortic BP derived from a GTF or from P2 were estimated using techniques described previously. [29] [30] [31] 33, 34 Briefly, after participants had rested for 15 minutes in the supine position, arterial waveforms at the radial (dominant arm) pulse were recorded by applanation tonometry during an 8-second period using a highfidelity SPC-301 micromanometer (Millar Instrument, Inc, Houston, TX) interfaced with a computer using SphygmoCor, version 6.21 software (AtCor Medical Pty Ltd, West Ryde, New South Wales, Australia). The pulse wave was calibrated as provided for in SphygmoCor software by manual measurement (auscultation) of brachial systolic and diastolic BPs taken immediately before the recordings by the study nurse. To determine central aortic BP from a GTF, the peripheral pressure waveform was converted into a central (aortic) waveform using a validated GTF incorporated in SphygmoCor software. SphygmoCor software could not record BP values obtained at P2 in only 2 (0.17%) of 1167 participants. Recordings where the systolic or diastolic variability of consecutive waveforms exceeded 5% or the amplitude of the pulse wave signal was Ͻ80 mV were discarded. All of the measurements were made by a single experienced trained technician unaware of the clinical history of the participants and with a low degree of intraobserver variability and a high degree of reproducibility.
29-32
Echocardiography
2D guided M-mode echocardiography was used to determine short-axis dimension measurements, as described previously. 29, 30 All of the measurements were recorded and analyzed offline by experienced investigators (C.L. and A.J.W.) who were unaware of the clinical data of the participants. Left ventricular mass was determined using standard formulas 29, 30 and indexed (LVMI) to height 1.7 .
35
Carotid IMT
Carotid IMT was determined using high-resolution B-mode ultrasound (SonoCalc IMT, SonoSite Inc, Bothell, WA) using a linear array 7.5-MHz probe. Images of Ն1 cm length of the far wall of the distal portion of the right common carotid artery from an optimal angle of incidence (defined as the longitudinal angle of approach where both branches of the internal and external carotid artery are visualized simultaneously) were obtained. Carotid IMT measurements were determined using semiautomated border-detection and quality control software.
Analysis
For database management and statistical analysis, SAS software, version 9.1 (SAS Institute Inc, Cary, NC) was used. Data are expressed as meanϮSD unless otherwise stated. Bivariate comparisons were made using the Pearson correlation coefficient. Agreement between measures was assessed by Bland-Altman plots and quantified by the mean value and SD of the difference between the 2 measures. To correct for the intrinsic bias noted for P2-derived aortic BP as compared with GTF-derived aortic BP values, P2-derived aortic BP values were transformed to produce a linear regression equation between GTF-and P2-derived aortic BP values with a slope of 1.0 and an intercept of 0 mm Hg. Regression analysis between BP and target organs was performed with appropriate adjustments in either log-or square root-transformed data to achieve a better distribution. For the derivation of P values, further adjustments were made for nonindependence of family members using the mixed procedure as outlined in the SAS package. Regression coefficients were compared with z statistics. To ensure that comparisons of P2-versus GTF-derived aortic BP-target organ relations were not confounded by possible inaccuracies in the use of a GTF in diabetics (and, thus, the need for a diabetes-specific transfer function) 17 or because of inaccuracies in the use of a transfer function that is sex inappropriate (and, hence, a possible need for sex-specific transfer functions), 18 sensitivity analysis was conducted in nondiabetics (and those with an HbA 1C Յ6.1%) and in men separate from women.
Results
Characteristics of the Participants
The clinical and demographic characteristics of all of the participants are shown in the online-only Data Supplement Table S1 . Of the participants, 3.9% had a history of cardiovascular disease, 43.0% were obese, and 29.4% had uncontrolled hypertension. No differences were noted in the demographic and clinical characteristics of the study groups with echocardiography or vascular ultrasound measurements (Table 1) .
Relationships Between Aortic Pressures Derived From P2 and GTF and Correction of the Bias in These Relations
The relationships between P2-derived and GTF-derived central PP (PPc) and central aortic systolic BP (SBP; SBPc) and the correction in the bias between these relationships are described in the online-only Data Supplement (Tables S2 and S3 ).
Comparison of the GTF-and P2-Derived Relationships Between Aortic Pressures and LVMI Independent of Brachial BP
With or without adjustments for sex, heart rate, body weight, regular smoking, regular alcohol intake, diabetes mellitus/ HbA 1C Ͼ6.1%, or treatment for hypertension, uncorrected P2-derived, corrected P2-derived, and GTF-derived PPc were related to LVMI independent of nurse-derived brachial artery conventional PP (Table 2) or systolic BP (SBP; Table S4 ). The brachial artery-independent relationships between P2-derived PPc and LVMI were equally as strong as the brachial artery-independent relationships between GTF-derived PPc and LVMI (PϾ0.46 for all comparisons; Table 2 ). In contrast to the ability of PPc-LVMI relations to survive adjustments for nurse-derived brachial PP (Table 2) , nurse-derived brachial PP-LVMI relations were unable to survive adjustments for PPc (partial rϭϪ0.03, Pϭ0.43 with adjustments for GTF-derived PPc; partial rϭ0.05, Pϭ0.19 with adjustments for P2-derived PPc). Either with or without adjustments for sex, heart rate, body weight, regular smoking, regular alcohol intake, diabetes mellitus/HbA 1C Ͼ6.1%, or treatment for hypertension, neither P2-nor GTF-derived SBPcs were related to LVMI independent of nurse-derived brachial artery conventional SBP (Table S4) .
Comparison of the GTF-and P2-Derived Relationships Between Aortic Pressures and Carotid IMT Independent of Brachial BP
With or without adjustments for age, sex, heart rate, body weight, body height, regular smoking, regular alcohol intake, diabetes mellitus/HbA 1C Ͼ6.1%, or treatment for hypertension, uncorrected P2-derived, corrected P2-derived, and GTFderived PPcs were related to IMT independent of nursederived brachial artery PP (Table 3) or SBP (Table S5 ). The brachial artery-independent relationships between uncorrected P2-derived PPc and IMT were equally as strong as the brachial artery-independent relationships between GTF-derived PPc and IMT (PϾ0.53 for all comparisons; Table 3 ). In contrast to the ability of positive PPc-IMT relations to survive adjustments for brachial PP (Table 3) , inverse nurse-derived brachial PP-IMT relations were noted when adjusting for PPc (partial rϭϪ0.21 with adjustments for GTF-derived PPc; partial rϭϪ0.15 with adjustments for P2-derived PPc).
Without adjustments for confounders, both GTF-and P2-derived SBPcs were related to IMT independent of nurse-derived brachial artery SBP (Table S5 ). However, with adjustments for age, sex, heart rate, body weight, body height, regular smoking, regular alcohol intake, diabetes mellitus/HbA 1C Ͼ6.1%, or treatment for hypertension, P2-but not GTF-derived SBPcs was related to IMT independent of nurse-derived brachial artery SBP (Table S5) . LVMI indicates left ventricular mass indexed for height 1.7 ; PPc, central pulse pressure; BP, blood pressure; P2, pressure at the second peak of the radial pressure wave; SBP, systolic BP. In all of the analyses PP and SBP were log transformed and LVMI was expressed as square root. P values are further adjusted for nonindependence of family members.
‫ء‬Data are those described in the text. †Data refer to mathematically corrected values to achieve nonbiased relations with generalized transfer function-derived PPc ( Figure S4 ). GTF indicates generalized transfer function; PPc, central pulse pressure; IMT, intima-media thickness; PP, pulse pressure; SBP, systolic blood pressure; BP, blood pressure; P2, pressure at the second peak of the radial pressure wave. In all of the analyses PP, SBP, and IMT were log transformed. P values are further adjusted for nonindependence of family members.
‫ء‬Data are those described in the text. †Data refer to mathematically corrected values to achieve nonbiased relations with GTF-derived PPc ( Figure S4 ).
Relationships Between P2-and GTF-Derived Aortic BP and Target Organ Changes in Subgroups
Both GTF and P2-derived PPc were related to LVMI and IMT independent of nurse-derived brachial artery PP in untreated participants (data not shown), nondiabetics (plus those with an HbA 1C Յ6.1%; Table 4 ), and in men and women (Table 4) .
Comparison of P2-Derived Aortic BP-Target Organ and Ambulatory BP-Target Organ Relationships
In contrast to the relationships between P2-derived PPc and target organ changes surviving adjustments for nurse-derived conventional brachial BP (Tables 3 and 4 and Figure) , relationships between 24-hour, day, or night PP and target organ changes did not survive adjustments for nurse-derived conventional brachial BP (Figure) . In the cohort with ambulatory BP measurements, P2-derived PPc-target organ relations similarly survived adjustments for nurse-derived conventional brachial BP (PPc versus LVMI with adjustments for nurse-derived brachial PP: partial rϭ0. 16 
Discussion
The main findings of the present study are as follows. In a randomly selected community sample of black African descent, P2-derived PPc was related to LVMI and carotid IMT independent of nurse-derived brachial PP and SBP, and these relations were at least as strong as GTF-derived PPc-target organ relations. In contrast, positive nurse-derived brachial BP-target organ relations were abolished with adjustments for PPc, and whereas P2-derived PPc-target organ relations were independent of nurse-derived brachial PP, 24-hour, day, and night PP-target organ relations were not. To the best of our knowledge, the present study is the first to show that P2-derived central BP (BPc) values provide information independent of brachial BP, as much information as GTFderived BPc, and more information with respect to 24-ambulatory BP when assessing relations with cardiovascular target organ changes. These findings were noted irrespective of whether P2-derived BP values were corrected for the previously described bias 22, [24] [25] [26] observed in the relations between P2-and GTF-derived BPc. These data, therefore, provide evidence to support the notion that, in circumstances where the use of the GTF to derive aortic BP may be questioned, 15 -18 the use of P2, which does not depend on the GTF, may be used to complement GTF-derived results.
The brachial artery BP-independent relationship between PPc and target organ relations noted in the present study supports previous studies that have demonstrated stronger relationships between GTF-derived BPc as compared with brachial BP and either LVMI 28 or IMT. 2 Importantly, although 2 large studies with significant relationships between central BP and cardiovascular outcomes independent of brachial BP 6, 8 were excluded from the analysis, in a recent meta-analysis, BPc was marginally but not statistically significantly better at predicting cardiovascular events than brachial BP. 36 Clearly further outcome studies are required to address the question of whether BPc predicts risk beyond or independent of brachial BP, and in this regard the present In all of the analyses, PP and IMT were log transformed and LVMI was expressed as square root. HbA 1C indicates glycosylated hemoglobin; P2, pressure at the second peak of the radial pressure wave; LVMI, left ventricular mass indexed for height 1.7 ; IMT, carotid intima-media thickness; PP, pulse pressure; PPc, central pulse pressure; P2, pressure at the second peak of the radial pressure wave. study suggests that P2-derived BPc obtained from a SphygmoCor device may be used to complement the results of GTF-derived BPc values.
In contrast to the present study and some other studies 22, [24] [25] [26] that have demonstrated close agreement between GTF-and P2-derived BPc values obtained from a single device, in 1 study P2-derived BPc was noted to be markedly higher than GTF-derived BPc. 27 However, in that study,
27
P2-derived BPc from 1 device (Omron HEM-9000AI) was compared with GTF-derived BPc from an alternative device (SphygmoCor). These data 27 suggest that P2-derived BPc obtained from devices other than SphygmoCor may not necessarily show brachial BP-independent relations with target organ changes.
In accordance with previous studies conducted with GTF-derived 22, [24] [25] [26] or carotid tonometry-derived 25 BPc measurements as referent measurements, we demonstrate that the relationship between P2-and GTF-derived BPc has a bias. 22, [24] [25] [26] However, we show that mathematical transformation of P2-derived BPc values eliminates the bias (the transformed data generate a slope and intercept of the GTF-and P2-derived aortic BP relationship close to 1 and 0 mm Hg, respectively), and after transformation of P2 values, the mean difference (and variation, SD) between P2-and GTF-derived SBPc is 0Ϯ2.64 mm Hg. This value is close to the small variations in differences that may be achieved between SBPc determined from an N-point moving average transformation of P2 and GTF-derived SBPc (0.30Ϯ1.05 mm Hg). 26 In this regard, P2 N-point moving average-derived SBPc is closely correlated with direct SBPc measurements, and the differences noted are Ϫ0.41Ϯ1.20 mm Hg. 26 Importantly, we generated transformation formulae of P2-derived BPc values for the purposes of the present study. Specific formulae may be required in different populations or when using alternative devices.
In the present study PPc but not SBPc was consistently associated with target organ changes independent of brachial PP or SBP. These findings likely highlight the greater contribution of pressures that would reflect a constant flow (diastolic BP and mean arterial pressure) to SBP than to PP. In this regard, diastolic BP and mean arterial pressure are relatively constant throughout the large arterial tree. Hence, adjustments for brachial BP are likely to result in a marked attenuation of BPc-target organ relations if the BPc values used (eg, SBPc as compared with PPc) more closely reflect an impact of steady-state pressures.
A secondary objective of the present study was to compare P2-derived BPc-target organ relations (either uncorrected or corrected for the bias) with referent BPc-target organ relations. In this regard, this comparison was against GTFderived BPc-target organ relations, because these relations have been shown previously to be stronger than brachial BP-target organ relations. 2, 28 However, a limitation of the present study is that we did not confirm these findings using direct invasive BPc measurements or even noninvasive carotid BP measurements (which do not require a GTF) as referent BPc values. We could not reliably perform carotid measurements because of the high prevalence of obesity in . In all of the analyses PP and IMT were log transformed and LVMI was expressed as square root. Corrected PPc refers to mathematically corrected values to achieve nonbiased relations with generalized transfer function (GTF)-derived PPc ( Figure S4) . P values are further adjusted for nonindependence of family members.
the study population. One potential limitation of the use of the GTF is a potential need for sex-and diabetes mellitusspecific transfer functions. 17, 18 To address this limitation, in sensitivity analysis we compared P2-derived BPc-with GTFderived BPc-target organ relations in sex-specific groups and in nondiabetics (including participants with an HbA 1C Յ6.1%). In this regard, similar results were noted in these subgroups as noted in all of the participants.
An additional potential limitation of the present study is that we used brachial artery BP measurements to calibrate the radial pulse wave, an approach that ignores amplification of pressures from the brachial to the radial artery. 37, 38 In this regard, at the time of initiating the study there were no approved noninvasive devices available for measuring wrist (radial) BP. Furthermore, the high prevalence of obesity prevented us from performing accurate brachial artery tonometry, one approach that may be used to account for brachialto-radial BP amplification when calibrating radial pulse waves. 38 However, the relationship between direct SBPc measurements and P2-derived SBPc (also determined with brachial BP calibration of radial pulse waves), after correction with an N-point moving average applied to the second systolic shoulder, is very close; the differences between these measurements are small (Ϫ0.41Ϯ1.2 mm Hg); and the bias between P2-and GTF-BPc values is attenuated with this approach. 26 Because the use of an N-point moving average does not correct for inaccuracies produced by the use of brachial BP measurements for calibration purposes, these data 26 suggest that these inaccuracies may be small and cannot account for the bias between P2-and GTF-derived BPc measurements.
Because this is a cross-sectional design, longitudinal or intervention studies are required to establish cause-effect relations between BPc and target organ changes independent of brachial BP. Furthermore, we studied only 1 ethnic group, and, hence, whether the results of the present study apply to other ethnic groups requires further study. In this regard, in the present study SphygmoCor software could not record BP values obtained at P2 in only 2 (0.17%) of 1167 participants, whereas in alternative populations, because of problems with identifying the systolic inflection point, SphygmoCor software could not record BP values obtained at P2 in as many as 3.1% of participants. 26 Possible reasons for this apparent discrepancy could be that, in groups of African ancestry, augmentation of central pressure waves is greater than in alternative populations, 33 an effect that could enhance the capacity to identify the systolic inflection point.
Perspectives
Because measures of aortic BP may add to the ability of brachial BP to predict cardiovascular outcomes, [1] [2] [3] [4] [5] [6] [7] [8] there is an increasing interest in the use of noninvasive measures of aortic BP for routine risk prediction. In contrast to tonometry performed at alternative sites, which often cannot be reliably applied (eg, in obesity), radial tonometry, together with a GTF, provides an easy and reproducible method of deriving aortic BP. However, the GTF may be limited in certain circumstances, [15] [16] [17] [18] and the actual GTF in the SphygmoCor device, although validated, has not been described and is, therefore, not available for careful scrutiny by the general scientific community. In the present study we show that using the SphygmoCor device, P2-derived BPc, which does not require complex transformations using a GTF, is associated with target organ changes independent of brachial BP, that these relationships are as strong as brachial BP-independent GTF-derived BPc-target organ changes, and that P2-derived BPc-target organ relations survive adjustments for nursederived brachial BP measurement, whereas gold-standard 24-hour, day, or night brachial BP-target organ relations do not. These data, therefore, suggest that P2-derived BPc may be used as a potential complementary brachial BPindependent risk predictor in future outcome studies in circumstances where the use of a GTF may be questioned. [15] [16] [17] [18] Although, in comparison with the use of the GTF, P2-derived BPc measurement is likely to make analyses of data less complex and more accessible to scientific scrutiny, whether P2-derived aortic BP measurements may improve accuracy in circumstances where the use of the GTF may be criticized and whether the use of P2-derived aortic BP measurements could reduce costs of devices that may in part be determined by the provision of an undisclosed GTF require further study.
Supplementary material Methods.
Ambulatory BP continued. The size of the cuff was the same as that used for conventional BP measurements. Monitors were programmed to measure 24-hour BP at 15-minute intervals from 06:00 to 22:00 hours and at 30-minute intervals from 22:00 to 06:00 hours. Fixed-clock time periods, identified as previously described, 1 rather than actual in bed and out of bed periods were statistically analysed to ensure that similar day and night time periods were selected for comparisons between individuals. Day and night periods ranged from 09:00 to 19:00 hours and from 23:00 to 05:00 hours, respectively. No participants reported on daytime "naps". Intraindividual means of the ambulatory measurements were weighted by the time-interval between successive recordings. 1 The average (±SD) number of BP recordings obtained was 60.9±11.8 (range=24 to 81) for the 24-hour period, 28.6±7.1 (range=11 to 41) for the day and 9.4±1.0 (range=6 to 12) for the night.
Results
Relationships between aortic pressures derived from P2 and GTF. There was a close linear correlation between central aortic systolic BP (SBPc) or pulse pressure (PPc) derived from the GTF and P2 (On-line supplement Figures S1 and S2) . Furthermore, absolute values of P2-and GTF-derived SBPc and PPc were similar with the mean differences (SD) being -0.40 (3.53) and -1.15 (4.24) mm Hg respectively (On-line supplement Figures S1 and S2 ). However, a bias was noted in the relationships where as compared to GTF-derived SBPc and PPc, at lower levels of BP, P2 tended to underestimate and at higher levels of BP, P2 tended to overestimate SBPc and PPc (On-line supplement Figures S1 and S2 ). This bias resulted in slopes and intercepts of the P2 versus GTP-derived PPc or SBPc relations that were significantly <1.00 or >0 respectively (On-line supplement Table  S2 ). The bias in the relations and the differences between P2-derived and GTFderived SBPc and PPc were similar in non-diabetics (+those with an HbA1c≤6.1%) and in men and women (On-line supplement Table S2) .
Correcting the bias in the relationships between aortic pressures derived from P2 and GTF. Transformed (corrected) P2-derived aortic BP was determined from the relationships between P2-and GTF-derived central aortic BP obtained from the slopes and intercepts of the linear relationships for untransformed data given in supplemental Figures S1 and S2, and Table S2 . In this regard, the linear relationships are defined as y=mx + c, where y= Transformed (corrected) aortic BP; x=P2-derived aortic BP and m and c are the slopes and intercepts given in Figures S1 and S2 respectively. Thus, transformed (corrected) SBPc=(0.907 x P2-derived SBPc) + 10.8 mm Hg and transformed PPc=(0.854 x P2-derived PPc) + 4.2 mm Hg.
After correction of P2-derived aortic BP values by transforming data, the slopes and intercepts of the P2-and GTF-derived aortic BP relations were no different from 1.0 or 0 respectively (supplemental Figures S3 and S4 , and Table S2 ). Transforming P2-derived aortic BP values yielded absolute values of P2 and GTFderived SBPc and PPc with a mean difference (SD) of 0.00 (2.64) and 0.00 (3.39) mm Hg respectively (supplemental Figures S3 and S4) . The ability to transform data to eliminate the bias and reduce the differences and variations noted between GTFand P2-derived aortic BP values was noted in all participants, nondiabetics/HbA1c≤6.1% and in both men and women (supplemental Tables S2 and  S3) . In all analyses SBP was log transformed and LVMI was expressed as square root. P2, pressure at the second peak of the radial pressure wave. *Are those described in the text. †Refers to mathematically corrected values to achieve non-biased relations with GTF-derived SBPc (see on-line supplement Figure S3 ). Probability values are further adjusted for non-independence of family members. In all analyses SBP and IMT were log transformed. P2, pressure at the second peak of the radial pressure wave. *Are those described in the text. †Refers to mathematically corrected values to achieve non-biased relations with GTF-derived PPc (see online supplement Figure S3 ). Probability values are further adjusted for non-independence of family members.
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